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Abstract 

Aim: In this study, we aimed to evaluate the role of low- and high-risk human papillomavirus (HPV) types in the etiology of different stages of transitional 
urothelial bladder carcinoma (TUBC). 

Materials and Methods: The medical records of 212 patients operated between 2009 and 2014 were analyzed retrospectively. One hundred thirteen patients 
with TUBC who underwent transurethral resection and partial/total cystectomy with a diagnosis of bladder cancer were reviewed and compared with 99 
control patients with non-neoplastic disorders. Formalin-fixed and paraffin-embedded archival tissue samples were used for deoxyribonucleic acid (DNA) ex- 
traction. Specimens were analyzed using polymerase chain reaction (PCR) with HPV-specific general primers set for the detection of viral DNA. PCR-positive 
samples were also tested using HPV type-specific primers with the same method. The presence of HPV was evaluated using MolecuTech REBA HPV-ID. 
Results: The median ages of the patients in the cancer and control groups were 68.5 (24-89) and 63.5 (28-83), respectively. None of the control patients 
exhibited HPV-DNA positivity. However, HPV-DNA positivity was observed in four patients (3.5%) in the cancer group. HPV types 6 and 84 are regarded as low 
risk, and 53 and 66 as high risk. There was no correlation between HPV infection and tumor development (x2 df(1)=3.572, p=0.125). No statistically significant 
relationship was observed between HPV-DNA positivity and tumor grade. However, a statistically significant association was determined between smoking 
and the development of bladder cancer (p<0.001). 

Discussion: Our study findings indicate a low prevalence of HPV infection in FFPE bladder cancers, and suggest that HPV infections are unlikely to play a major 
role in the development of TUBC. 
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Introduction 

Bladder cancer is the seventh most common cancer among 
men worldwide, and the 11th most common cancer in both 
genders [1]. The incidence of bladder cancer and mortality 
rates vary from country to country due to differences in risk 
factors, detection and diagnostic practices, and the availability 
of treatments [2]. Several potential risk factors have been 
identified, including tobacco smoking, occupational exposure 
to aromatic amines, polycyclic aromatic hydrocarbons and 
chlorinated hydrocarbons, exposure to ionizing radiation, 
bladder schistosomiasis, chronic urinary tract infection, urinary 
calculi, and chronic irritation or inflammation of the urothelium 
[2]. The World Health Organization estimates that approximately 
12% of cancer cases worldwide are caused by viral infections 
[5]. Various bacterial or viral agents in the bladder have been 
shown to cause dysplastic changes in the bladder epithelium 
and ultimately to lead to cancer [4]. 

Human papillomavirus is the principal agent of sexually 
transmitted diseases, and can cause cancers in different 
anatomical regions at differing prevalences [5]. The potential 
role of high-risk human papillomavirus (hrHPV) in the 
development of cancer of the cervix, penis, vulva, anus and 
oropharynx is already well established in a publication of the 
International Agency for Research on Cancer in 2007. The 
presence of hrHPV is the main initiator factor for dysplasia, 
and eventually cancer [6]. Since the urinary bladder is in direct 
connection with the genital area through the urethra, HPV may 
also play a causative role in bladder cancer. HPV is associated 
with the development of a variety of proliferative lesions, 
including papilloma, intraepithelial neoplasia, and invasive 
cancer. Since HPV is the leading infectious cause of human 
cancers, this makes bladder HPV infection of particular medical 
importance. Advances in HPV diagnosis may have immediate 
implications for the fight against cancer [6]. 


Material and Methods 

The research was performed as a retrospective, cross- 
sectional, descriptive study. The medical records and bladder 
tissue specimens of the 212 patients operated in our clinic 
between 2009 and 2014 were analyzed retrospectively. The 
cancer group consisted of 113 patients who underwent 
transurethral resection and partial/total cystectomy with a 
diagnosis of bladder cancer, the pathology being confirmed 
as TUBC. The control group consisted of 99 patients with 
benign bladder pathologies. Patients without TUBC pathology 
were excluded from the study. The control group consisted of 
patients who underwent transurethral resection for suspected 
mucosal appearance and/or luminal mass with no history of 
bladder cancer, and whose pathology was reported as benign 
[inflammation, inverted papilloma, papilloma, and cystitis). 
Clinical information such as pathology reports, and data for 
age, education, smoking status, sexuality, age of sexual debut, 
marital status, and present history of sexually transmitted 
infections were collected from the hospital database and 
patient charts. Patients were categorized as smokers (currently 
active smokers or with a history of smoking) or non-smokers 


(never smoked) for a common definition. 

Formalin-fixed and paraffin-embedded (FFPE) archival tissue 
samples were used for deoxyribonucleic acid (DNA) extraction. 
Tissue samples 4 micrometers (um) in thickness obtained 
from paraffin blocks after fixation with 10% neutral buffered 
formalin solution and hematoxylin-eosin (HE) staining were 
reviewed again. Specimens were analyzed using polymerase 
chain reaction (PCR) with HPV-specific general primer set for 
the detection of viral DNA. PCR-positive samples were also 
tested with HPV type-specific primers using the same method. 
Presence of HPV was analyzed using MolecuTech REBA HPV-ID. 
Written informed consent was obtained from the patients who 
participated in this study. All procedures performed in studies 
involving human participants were in accordance with the 
ethical standards of the Adnan Menderes University research 
with ADU-BAP-TPF 2014/55 permit number and with the 1964 
Helsinki Declaration and its later amendments or comparable 
standards, with “Regulations on Pharmaceutical 
Research”, enforced by the Ministry of Health of Turkey 
published in the 27089 numbered Official Journal dated 23 
December 2008 and also with other regulations published at 
a later date. 

MolecuTech REBA HPV-ID test 

This test can identify 18 high-risk HPV types (16, 18, 26, 31, 33, 
35, 39, 45, 51, 52, 53, 56, 58, 59, 66, 68, 69 and 73) together 
with the possible high-risk type 34, and 13 low-risk group HPV 
types (6,11, 32, 40, 42,43, 44, 54, 70, 72,81, 84, and 87). The 
target of the test is the L1 gene, which is expressed in the 
late stages of infection. The test includes nested PCR and 
reverse hybridization steps. A commercial NucleoSpin Tissue 
(Macherey-Nagel, Duren, Germany) 
kit was used for paraffin removal and deoxyribonucleic acid 
(DNA) isolation from the tissue. DNA isolation was performed 
according to the manufacturer’s instructions. PCR amplification 
of HPV-DNA was performed following the manufacturer’s 
instructions. 

Evaluation 

The strips were glued to the evaluation table, and the control 
line and the expected bands were matched. In the evaluation of 
each band 

+ The marker line indicates the top line of the membrane 
(Figure), 

+ The hybridization control (HC) line will appear if the 
chromogenic reaction is correctly prepared (Figure), 

+ The HPV universal probe band will form if no genotype of HPV 
is found (Figure) and, 

+ Each HPV type was assessed by observing the presence of 
band lines at the location (Figure). 

Statistical Analyses 

SPSS 22.0 for Windows software (IBM, Illinois, USA) was used 
for statistical analyses. Descriptive statistics were employed 
for assessing normality of distribution. Descriptive data were 
expressed as median values (min-max). The Chi-square and 
Fisher’s exact tests were used to evaluate consistency between 
categorical variables. The statistical threshold value was set at 
p <0.05. 


ethical 


mini-column isolation 
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Table 1. Distribution of cancer cases by pathological stages 


Pathological stage 


Low malignant papillary urothelial carcinoma (LMPUN) 15 13.3 
pTa_ urothelial carcinoma 65 57.5 
PT1 urothelial carcinoma nl 15 
PT2 urothelial carcinoma 16 14.2 


Table 2. Characteristics of patients with Human Papillomavirus 
(HPV) positivity 


BN Cancer 


grade 


Smoking 
status 


Pathological 
stage 


Gender 


risk Age 
group 
Low risk 63 Male 


Type 6 Positive Low grade pTl 


Type 53 ~——- High risk 71 Male Positive Low grade pTl 


Type 66 ~——- High risk 88 Male Positive Low grade pTl 


Type 84 ~— Lowrrisk 74 Male Positive High grade pTl 


Marker lane — 

5 Oa, 

HPV universal probe — 
HPV 16 — 
HPV18 — 
HPV 26 — 
HPV31 — 
HPV33 — 
HPV35 — 
HPV39 — 
HPV45 — 
HPV51 — 
HPV52 — 
HPV53 — 
HPV56 — 
HPV58 — 
HPV66 — 
HPV 59/68 — 
HPV69 — 
HPV73 — 
HPV 34 — 
HPV6 — 
HPV 17 — 
HPV32 — 
HPV40 — 
HPV42 — 
HPV43 — 
HPV44 — 
HPV 54 — 
HPV70 — 
HPV72 — 
HPV 8&4 — 
HPV 81/87 — 


B-globin — 


High Risk Group 


Medium Risk Group 


Low Risk Group 


Figure. Human Papillomavirus type identification chart 


Results 

The median ages of the patients in the cancer and control 
groups were 68.5 (min: 24, max: 89) and 63.5 (min: 28, max: 83) 
years, respectively. Ninety-two (81.4%) of the patients in the 
cancer group were men, compared to 73 (73.7%) in the control 
group. Smoking rates were statistically significantly higher in 
the cancer group compared to the control group (p<0.001). 

In terms of pathological cancer stages, 15 (13.3%) patients 
had papillary urothelial neoplasm of low malignant potential 
(PUNLMP), 65 (57.5%) had Ta urothelial carcinoma, 17 (15%) 
had T1 urothelial carcinoma, and 16 (14.2%) had T2 urothelial 
carcinoma. One patient with pT1 had comorbid carcinoma in situ, 
and two patients with pT2 exhibited squamous differentiation 
(Table 1). Low grade differentiation was seen in 64.6% (73) of 
the cancer group, and high grade differentiation in 35.4% (40). 
Pathological results of the patients in the control group were 
inflammation (acute and / or chronic) in 74 patients, polypoid 
cystitis in 14, inverted papilloma in two, papilloma in two, and 
cystitis cystica or von Brunn’s islands in eight. 

Genital warts or sexually transmitted diseases were positive 
in nine (9.1%) and 12 (10.6%) patients in the cancer and 
control groups, respectively. The difference was not significant 
(p=0.710). HPV positivity (type 53) was detected in only one of 
the 21 patients with a positive history. 

HPV positivity was detected in four patients (3.5%) using the 
multiplex PCR method. The HPV types involved were 6, 53, 66 
and 84. HPV types 6 and 84 are in the low-risk group, and types 
53 and 66 are in the high-risk group. The cancer was in the 
pathological T1 stage in all HPV-positive patients. HPV types 6, 
53 and 66 cause high-grade urothelial cancer, while HPV type 
84 causes low-grade cancer (Table 2). 

All the HPV-positive patients were men, and smokers. None of 
the four patients had a history of sexually transmitted disease 
or treatment. No condyloma-like lesions were observed in the 
genital or perineal regions. HPV positivity was not detected in 
any of the women in the cancer group. There was no correlation 
between HPV infection and tumor development (x2 df(1)=3.572, 
p=0.125). However, a statistically significant association was 
observed between smoking and the development of bladder 
cancer (p<0,001). 


Discussion 

According to U.S. data, bladder cancer is more than 2.5 times 
more common in men than in women [1]. In the present study, 
bladder cancer was four times more common in men. Bladder 
cancer is largely a disease of the elderly. The median age of 
our patients was 68.5 (min: 24, max: 89) in the cancer group 
and 63.5 (min: 28, max: 83) in the control group. Our findings 
confirm that bladder cancer is more common in the elderly 
population. 

The relationship between HPV and TUBC is thought to be 
caused by the tendency of the virus to involve the epithelium 
and the anatomical proximity of the urethra to the bladder. This 
suggests that the male urethra may have a reservoir function 
and thus be implicated in at least the initial stage of bladder 
cancer. A carcinogenic role of hrHPV has been demonstrated 
in many previous studies [7-9]. And, also it was seen higher in 
male population according to our results. 


355 | Annals of Clinical and Analytical Medicine 


Human Papillomavirus and urothelial bladder carcinoma 


The first study examining the relationship between HPV and 
bladder cancer was performed using the immunohistochemical 
(IHC) method with biopsy specimens in 1988 [9]. In 1992 Anwar 
and Phil showed that PCR was highly sensitive compared to IHC 
methods [10]. Several studies have investigated the relationship 
between bladder cancer and HPV using deparaffinized tissues 
with PCR methods [11-13]. The frequency of HPV as an 
etiological agent in studies evaluating the etiological role of 
HPV in TUBC pathogenesis varies between 0% and 80% [12-14]. 
This wide discrepancy in HPV detection rates between studies 
is due to problems in tissue fixation and DNA preparation and 
amplification, as well as problems that arise during sampling, 
contamination, the sensitivity of the scanning systems involved, 
and geographical differences [15,16]. 

There is still no consensus concerning the best molecular 
method for obtaining HPV-DNA in FFPE tissues. However, 
PCR with type-specific primers maintains remains the gold 
standard method by ensuring an overall HPV-DNA detection 
rate of 33.2% positivity in bladder cancer [17]. The commercial 
kit used in the present study can detect a total of 65 HPV 
types in the low-, medium-, and high-risk groups. However, 
technical failures in the methods employed to obtain DNA from 
deparaffinized tissue may explain the low rate of positivity. The 
principal difficulty in using FFPE tissues in genomic studies lies 
in the low quantity and quality of nucleic acid obtained from the 
blocks. The purpose of the FFPE method is to ensure that cellular 
proteins are preserved for future IHC-based studies, rather than 
providing good protection of nucleic acids. Fragmentation and 
degradation of nucleic acids due to chemical modification, and 
cross-linking to proteins and nucleic acids via amino groups 
(methylene bridges) can be caused by the formalin fixation 
process [18-21]. The extent of the potential damage to DNA 
resulting from the formalin fixation process is not entirely clear, 
although several different DNA damage mechanisms have been 
proposed. Formalin oxidized to formic acid causes breaks in 
nucleic acid in FFPE tissue. In order to obtain high-quality DNA, 
the tissue must be fixed with 10% buffered formalin for one 
day. The DNA quality of tissues treated for two days is 50% 
lower than that of one-day treatment. Keeping FFPE blocks in 
unsuitable environments, such as hot and humid conditions, and 
a long storage time can accelerate this process. At the same 
time, small and thin tissue to be fixed with formalin exhibited 
greater penetration by formalin and showed that DNA damage 
may increase. For all these reasons, the use of the DNA sample 
obtained for genomic analysis entails a number of limitations 
[22]. Studies have previously reported different success rates in 
processing FFPE samples for DNA sequencing [23,24]. This wide 
variability in sample viability will be affected by the age of the 
tissue block, the quality of DNA input, and the DNA sequencing 
methodology. 

We used FFPE blocks obtained from the pathology archive for 
patients operated over a five-year period. A prolonged waiting 
period may cause tissue damage in FPFE blocks. Technical 
difficulties in block storage and deparaffinization may have 
caused our low HPV-DNA recovery rates. The number of samples 
in the control group was lower than that in the cancer group. 
This once again suggests the presence of formalin-induced DNA 
damage in low-volume samples. Although HPV has also been 


detected in benign bladder pathologies, it was not observed 
in our control group. Re-examination of the pathology reports 
of four patients in the cancer group were re-examined and 
revealed that at least 5 cc of tissue sample had been removed 
in all four cases and sent to the pathology lab. 

Common virus types, such as HPV types 16 and 18, which have 
been found to be associated with malignancy in previous studies 
[15] were not observed in the present research. Detection of 
types 6 and 84 in the low-risk group with low potential for 
cancer, and of types 53 and 66 in the high-risk group, does not 
support the view that hrHPV causes cancer at a higher rate. 
This is because two types of viruses implicated in the etiology 
of benign lesions such as genital warts were found to be 
associated with bladder cancer in the present study. Low-grade 
cancer was detected in three out of four patients with HPV 
positivity, while high-grade cancer was detected in only one 
patient. The presence of HPV type 84, from the low-risk group, 
in a patient with high-grade cancer does not support the idea 
that HPV causes higher risk cancers. The presence of a history 
of smoking in all four patients with HPV positivity suggests 
a more significant etiological relationship with smoking. The 
present study observed a statistically significant difference 
between smoking and cancer detection compared to the control 
group (p <0.001). 

HPV-DNA positivity being observed in four patients suggested 
that HPV should not be implicated as an etiological agent in the 
development of transitional bladder cancer. HPV types 16 and 
18, which were the most common types in other studies, were 
not detected in any of our patients. The relationship between 
the stage and grade of the tumor and the presence of HPV could 
not be evaluated due to the lack of sufficient HPV positivity. 
However, a Statistically significant relationship between 
smoking and bladder cancer was shown in our research, in 
agreement with other studies. 

In Li et al.’s study performed with fresh samples, the HPV-DNA 
prevalence was higher than in FFPE samples. Those authors 
stated that no DNA damage occurred, and that the possibility 
of HPV-DNA detection might therefore be higher without the 
formalin fixation steps [16]. Sarier et al. also used fresh tissues, 
and observed significantly higher HPV-DNA positivity in the 
patient group [24]. However, in another study by Llewellyn et 
al. using the combined assay for HPV16/HPV18 sequences to 
analyze the DNA extracted from fresh frozen tissue specimens, 
the authors obtained a positive result for HPV in one out of 
the 689 UBCs tested (0.1%) whereas the internal control was 
positive in all cases [25]. Different results can thus be obtained 
with fresh tissues. In the light of these different findings, there 
is still no generally accepted method that provides a high rate 
of nucleic acid in fresh or FFPE tissues. 

In conclusion, the role of HPV infection in the etiology of 
bladder cancer is still unclear, and the impact on bladder 
cancer development continues to be controversial. However, 
the majority of studies have reported a relationship between 
bladder cancer and HPV. However, the rate of detection of HPV, 
which plays an active role in the etiology of cervical cancer, 
in bladder cancer was 3.3% in this study. The differences in 
detection rates may be related to HPV prevalence in the 
populations in which studies are conducted. Further studies 
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involving large and different populations are needed to confirm 
the association of bladder cancer with HPV reported in previous 
studies. In addition, the importance of carefully monitoring 
patients diagnosed with HPV type 16 and 18 infections and 
informing patients in terms of risks is self-evident. 
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